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Abstract:  
Introduction: Seasonal changes have been shown to significantly affect animal physiology and behavior. 
Similarly, human physiology is sensitive to environmental shifts, including seasonal changes. Research has 
demonstrated that conception rates, birth rates, immune responses, metabolism, and body composition exhibit 
seasonal patterns. This study aimed to investigate whether body fat percentage (BF%), basal metabolic rate 
(BMR), and serum lipid levels vary seasonally in healthy, sedentary urban adults at the end of summer and winter. 
Materials and Methods: This cross-sectional study examined the seasonal variations of BF%, BMR, and serum 
lipids in 54 healthy, sedentary urban adults (41 males and 13 females) aged 20-60 years. Anthropometric data, 
including age, sex, weight, height, waist circumference, and hip circumference, were collected. Venous blood 
samples were taken to measure fasting serum lipid levels. BF% was determined using dual-energy X-ray 
absorptiometry (DEXA) scans, and BMR was calculated using the Harris–Benedict equation based on height, 
weight, and age. 
Results: The study found significant seasonal variations in BF%, BMR, total cholesterol, triglycerides, low-
density lipoprotein (LDL), and high-density lipoprotein (HDL) among all participants. Notably, significant 
seasonal variations in BF% and LDL were observed within the obese subgroup of participants. 
Conclusion: There is a seasonal variation in BF%, BMR, and serum lipids between the end of summer and the 
end of winter. Additionally, a positive correlation exists between body mass index (BMI) and BF%, BMR, LDL, 
and HDL. Similarly, a positive correlation is observed between BF% and BMI, BMR, HDL, and LDL.  
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Introduction

Animal physiology and behavior have been shown 
to be significantly influenced by seasonal changes. 
The mating behavior of seasonal breeders and the 
migratory patterns of birds are regulated by 
variations in temperature, daylight duration, and the 
availability of food and habitat space. Moreover, the 
timing of these behavioral adaptations is controlled 
by an internal time-keeping mechanism located in 
the suprachiasmatic nucleus of the hypothalamus. 
These behavioral changes are accompanied by 
functional changes. For instance, in seasonal 
breeders, hypothalamic sensitivity to estrogen 
increases during the breeding season, leading to a 
transition from a non-breeding to a breeding state [1-
3]. Similar physiological alterations are observed in 
metabolic functions and their impact on body 
composition. Research on Chinese bulbuls 

(Pycnonotus sinensis) demonstrated that body mass 
and body fat (BF) exhibit seasonal variations, with 
higher values recorded in spring and winter 
compared to summer and autumn [4]. BF was 
particularly elevated in winter. Another study on 
European badgers (Meles meles) revealed that 
resting metabolic rate (RMR) peaked in summer and 
was lowest in winter [5]. 

Human physiology also responds to seasonal 
environmental changes, showing variations in 
conception rates, birth rates, immune responses, 
metabolism, and body composition. A study 
conducted in the Netherlands on adults highlighted 
that body mass index (BMI) and waist 
circumference were higher in spring and winter than 
in summer and autumn. This study also noted that 
seasonal variation was more pronounced for 
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abdominal obesity compared to general obesity in 
both men and women [6-8]. Based on these findings, 
we proposed to investigate the seasonal variation in 
body fat percentage (BF%), basal metabolic rate 
(BMR), and serum lipid levels in healthy, sedentary 
urban adults during two seasons: the end of summer 
and the end of winter. The measurements at the end 
of these seasons aimed to capture the cumulative 
effects of each season. 

Material and Methods 

The study involved 54 healthy sedentary urban 
adults, comprising 41 males and 13 females, aged 
between 20 and 60 years. Individuals treated for 
metabolic diseases, such as diabetes mellitus, 
metabolic syndrome, dyslipidemia, or hormonal 
disorders like Cushing syndrome, as well as those on 
medications affecting serum lipid levels, were 
excluded. Pregnant women were also excluded, and 
female participants underwent a pregnancy test 48 
hours before the study. Participants were selected 
using consecutive random sampling on a first-come, 
first-served basis, adhering to the inclusion and 
exclusion criteria. Written informed consent was 
obtained in the language best understood by each 
participant. The selected volunteers were assessed 
twice: once at the end of summer and again at the 
end of winter. 

Participants fasted overnight for eight hours before 
reporting to the department, where their 
anthropometric data, including age, sex, weight, 
height, waist circumference, and hip circumference, 
were recorded. Body weight and height were 
measured without shoes and with participants 
wearing light clothing. Venous blood samples were 
collected to measure fasting glucose and lipid levels, 
with approximately 2 ml of blood drawn into plain 
vacutainers. These samples were analyzed using an 
automated analyzer, with quality control checks 
performed using internal quality control before 
analysis. BF% was assessed using a DEXA scan. 
They were instructed to lie supine on the DEXA 
table for a whole-body scan. BMR was calculated 
using the Harris–Benedict equation, based on 
height, weight, age, and gender. 

Results 

According to Table 1, anthropometric data such as 
weight, height, BMI, and waist-hip ratio did not 
exhibit significant seasonal variation. However, 
significant seasonal variation was observed in body 
fat percentage (BF%) and basal metabolic rate 
(BMR) among the overall population. The height for 
the overall participants was 156.83 ± 10.97 cm, for 
the lean category was 156.1 ± 11.94 cm, for the 
overweight category was 156.3 ± 9.56 cm, and for 
the obese category was 165.81 ± 10.08 cm, during 
both summer and winter.

Table 1: Anthropometric parameters, BF% and BMR amongst study participants 
Parameters Summer Winter P Value 
BMI (Kg/m²)       
Overall 27.26 ± 5.97 25.62 ± 6.77 0.75 
Lean 20.37 ± 0.64 20.40 ± 2.46 0.43 
Overweight 28.97 ± 1.46 26.11 ± 1.62 0.75 
Obese 35.41 ± 2.26 32.04 ± 2.20 0.63 
Weight (Kg)       
Overall 69.22 ± 20.72 62.82 ± 22.88 0.77 
Lean 48.36 ± 2.98 46.93 ± 9.31 0.41 
Overweight 70.82 ± 8.55 64.03 ± 8.86 0.76 
Obese 88.73 ± 15.93 97.00 ± 17.19 0.82 
BF%       
Overall 31.75 ± 9.28 32.46 ± 9.87 <0.05 
Lean 24.98 ± 1.95 23.47 ± 6.75 0.17 
Overweight 39.84 ± 5.98 37.05 ± 5.09 0.09 
Obese 38.70 ± 3.82 41.51 ± 4.01 <0.05 
BMR (calories)       
Overall 1442.02 ± 277.56 1494.76 ± 269.52 <0.05 
Lean 1273.04 ± 46.01 1299.16 ± 164.18 0.21 
Overweight 1370.57 ± 230.76 1413.58 ± 224.1 0.19 
Obese 1608.16 ± 315.8 1740.22 ± 291.69 0.23 
Waist/Hip Ratio       
Overall 0.91 ± 0.06 0.90 ± 0.06 0.93 
Lean 0.91 ± 0.07 0.86 ± 0.05 0.63 
Overweight 0.94 ± 0.04 0.93 ± 0.02 0.34 
Obese 1.05 ± 0.07 0.97 ± 0.07 0.86 
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In Table 2, significant variations were noted in total 
cholesterol, triglycerides, low-density lipoprotein 
(LDL), and high-density lipoprotein (HDL) among 
the overall participants. Specifically, significant 

seasonal variation in HDL was observed in the lean 
category, in triglycerides only in the overweight 
category, and in LDL only in the obese category.

 
Table 2: Seasonal variation in Lipid profile amongst study participants 
Parameters Summer Winter P Value 
Triglycerides (mg/dl)       
Overall 159.41 ± 85.24 167.24 ± 85.35 0.94 
Lean 140.59 ± 24.61 151.68 ± 85.24 0.67 
Overweight 154.42 ± 105.71 209.69 ± 141.83 0.05 
Obese 214.72 ± 49.41 177.53 ± 46.28 0.16 
HDL (mg/dl)       
Overall 40.65 ± 16.52 46.48 ± 16.63 <0.05 
Lean 51.39 ± 5.85 60.72 ± 20.88 <0.05 
Overweight 34.01 ± 10.41 39.79 ± 7.94 0.21 
Obese 37.54 ± 5.46 36.53 ± 3.55 0.23 
LDL (mg/dl)       
Overall 96.99 ± 33.50 82.44 ± 25.42 <0.05 
Lean 79.71 ± 9.04 75.6 ± 31.31 0.19 
Overweight 108.12 ± 32.92 101.92 ± 37.14 0.09 
Obese 108.03 ± 28.71 86.46 ± 13.79 <0.05 
Total cholesterol (mg/dl)       
Overall 189.06 ± 36.32 191.70 ± 39.36 <0.05 
Lean 164.67 ± 7.96 175.09 ± 28.68 0.55 
Overweight 171.63 ± 49.88 214.0 ± 56.60 <0.05 
Obese 182.05 ± 23.14 203.03 ± 23.08 0.27 

 
Table 3 shows a significant seasonal variation in BF% and BMR between genders, both in males and females. It's 
noteworthy that BF% was higher in females compared to males, and in both genders, the mean BF% was higher 
in summer. 
 

Table 3: Gender variation in Anthropometric parameters, BF% and BMR 
Parameters Summer Winter P Value 
BMI (Kg/m²)       
Male 26.23 ± 6.43 26.28 ± 6.20 0.87 
Female 30.60 ± 2.55 30.73 ± 2.50 0.69 
Weight (kg)       
Male 68.62 ± 23.45 68.79 ± 23.04 0.81 
Female 70.73 ± 7.26 71.72 ± 6.69 0.58 
BMR (calories)       
Male 1516.73 ± 280.11 1528.71 ± 277.29 0.14 
Female 1344.7 ± 116.38 1387.69 ± 95.35 0.08 
Waist/Hip Ratio       
Male 0.92 ± 0.08 0.92 ± 0.07 0.95 
Female 0.92 ± 0.03 0.92 ± 0.04 1.00 
BF%       
Male 28.62 ± 8.27 27.80 ± 8.08 <0.05 
Female 46.31 ± 2.07 44.68 ± 1.77 <0.05 

Regarding Table 4, both genders exhibited higher 
cholesterol levels in winter than in summer, 
although these levels remained within the normal 
range. Triglyceride levels were higher in winter for 
males and higher in summer for females, with males 

showing levels above the normal range. LDL levels 
were higher in summer for both genders, while HDL 
levels were higher in winter for both males and 
females.
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Table 4: Gender variation in Lipid profile amongst study participants 
Parameters Summer Winter P Value 
TG (mg/dl)       
Male 162.46 ± 89.56 189.5 ± 94.52 0.63 
Female 143.69 ± 72.94 123.91 ± 32.21 0.43 
HDL (mg/dl)       
Male 47.84 ± 17.78 50.72 ± 17.8 <0.05 
Female 34.05 ± 8.58 36.28 ± 6.13 0.13 
LDL (mg/dl)       
Male 95.24 ± 35.08 80.75 ± 28.63 <0.05 
Female 105.76 ± 30.6 80.48 ± 15.92 0.07 
Total cholesterol (mg/dl)       
Male 190.14 ± 39.01 194.52 ± 41.85 <0.05 
Female 183.78 ± 27.91 191.21 ± 35.54 0.38 

 
Table 5 indicates a strong correlation between BF% and BMI, BMR, and HDL in both seasons, and with LDL 
only in summer. Similarly, Table 6 demonstrates a strong correlation between BMI and BMR, BF%, HDL, and 
LDL 
 

Table 5: Correlation coefficients of BF% versus various parameters 
Parameters Summer Winter Significance 
BMI 0.746 0.832 99% significant 
BMR 0.348 0.427 95% significant 
Cholesterol 0.2 0.288 Not significant 
HDL -0.505 -0.49 99% significant 
LDL 0.41 0.265 Summer is 95%, winter is not 
TG 0.343 0.174 Not significant 

 
Table 6: Correlation coefficients of BMI versus various parameters 

Parameters Winter Summer Significance 
BF% 0.841 0.746 99% significant 
BMR 0.719 0.661 99% significant 
Cholesterol 0.335 0.271 Not significant 
HDL -0.514 -0.514 99% significant 
LDL 0.357 0.389 95% significant 
TG 0.213 0.319 Not significant 

Discussion 

The findings of our study indicate significant 
seasonal variations in body fat percentage (BF%), 
basal metabolic rate (BMR), and serum lipids 
among the study population. BF% is notably higher 
in summer compared to winter across the general 
population and within the obese BMI category. This 
contrasts with some studies that reported no seasonal 
variation in BF% and BMI, likely due to behavioral 
adaptations and technological advancements 
mitigating temperature changes [9,10].  

In our study, the observed reduction in BF% during 
winter suggests fat loss, as winter measurements 
were taken after summer. This trend could be 
attributed to the mild winters, which do not induce a 
state of rest similar to hibernation in animals. 
Consequently, physical activity levels remain 
consistent between seasons, and the increase in 
BMR observed in winter supports the reduction in 
BF%. While there is no consensus on seasonal BMR 

variation, some studies report higher BMR in winter 
[9,11,12], while others do not [10].  

When participants were categorized by BMI into 
lean, overweight, and obese groups, the seasonal 
pattern remained consistent with the overall 
population. Gender-wise analysis showed that BF% 
was higher in summer for males and higher in winter 
for females. Notably, our study's participants had a 
higher mean BMI in summer, potentially due to 
high-fat non-vegetarian diets typical of the 
community. Ethnic factors, such as the naturally 
stocky body type of these individuals, may also 
contribute [13,14]. Similar trends are observed in 
other communities, such as Chinese and Malays, 
who exhibit lower BF% at comparable BMIs [15]. 
The higher BF% at lower BMI aligns with 
observations in Asian Indians [16-18]. Further 
investigation is needed to understand the health 
implications of these findings. 

Regarding serum lipids, total cholesterol, 
triglycerides, and HDL levels were significantly 
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higher in winter, except for LDL, which was higher 
in summer. Gender-specific analysis showed that 
total cholesterol, triglycerides, and HDL were 
higher in winter for males, while only total 
cholesterol and HDL were higher for females. These 
findings are consistent with studies from the 
University of Colorado Health Sciences Center and 
Mayo Clinic, which reported higher lipid levels in 
winter [19-21]. Seasonal variations in serum lipids 
are often attributed to hemoconcentration due to 
plasma volume contraction in response to cold and 
possible dehydration during winter [20]. Dietary 
factors, such as increased fat and saturated fat intake 
in winter, may also play a role [21]. 

Our study also found positive correlations between 
BMI and BF%, LDL, and HDL, and between BF% 
and total cholesterol, LDL, HDL, and triglycerides, 
consistent with global studies [22-25]. However, our 
study's limitations include the indirect estimation of 
BMR using the Harris–Benedict equation and the 
timing of data collection at the end of summer and 
winter, rather than peak seasons. Including data 
from spring and autumn could provide a more 
comprehensive understanding of seasonal 
variations. Despite these limitations, our findings on 
seasonal variations in BF%, serum lipids, and BMR 
could influence clinical assessments of dyslipidemia 
and obesity.  

Conclusion 

Our study demonstrates a seasonal variation in body 
fat percentage (BF%), basal metabolic rate (BMR), 
and serum lipid levels between the end of summer 
and the end of winter. We observed positive 
correlations between body mass index (BMI) and 
BF%, BMR, LDL, and HDL. Additionally, a 
positive correlation exists between BF% and BMI, 
BMR, HDL, and LDL. These findings could serve 
as a valuable reference for clinicians when 
interpreting serum lipid levels, taking into account 
the potential seasonal effects that may cause an 
increase in serum lipids at the end of winter or a 
decrease at the end of summer. 

References 

1. Perumal P, Savino N, Sangma C, Khan MH, 
Ezung E, Chang S, et al. Seasonal effect on 
physiological, reproductive and fertility profiles 
in breeding mithun bulls. Asian Pac J Reprod. 
2017;6:266-78. 

2. Vasantha I. Physiology of seasonal breeding: A 
review. J Vet Sci Technol. 2016;7:331. 

3. Tamar L, Overdijk O, Tinbergen JM, Piersma 
T. Seasonal variation in density dependence in 
age-specific survival of a long-distance 
migrant. Ecology. 2013;94:2358-69. 

4. Mengsi W, Yuchao X, Fang Y, Limeng Z, 
Weihong Z, Jinsong L. Seasonal variation in 
body mass and energy budget in Chinese 

bulbuls (Pycnonotus sinensis). Avian Res. 
2014; 5 :4. 

5. McClune DW, Kostka B, Delahay RJ, 
Montgomery WI, Marks NJ, Scantlebury DM. 
Winter Is Coming: Seasonal Variation in 
Resting Metabolic Rate of the European Badger 
(Meles meles). PLoS One. 2015 Sep 
9;10(9):e01359 20. 

6. Xaquin DC, Marina E, Ricardo FC, Guo H, 
Pekalski ML, Smyth DJ, et al. Widespread 
seasonal gene expression reveals annual 
differences in human immunity and physiology. 
Nat Commun. 2015;6:7000. 

7. Visscher TL, Seidell JC. Time trends (1993-
1997) and seasonal variation in body mass 
index and waist circumference in the 
Netherlands. Int J Obes. 2004;28:1309-16. 

8. David AL, Jeffrey AM. Global patterns of 
seasonal variation in human fertility. Ann N Y 
Acad Sci. 1994;709:9-28. 

9. Leonard WR, Levy SB, Tarskaia LA, Klimova 
TM, Pedorova VI, Baltakhinova ME, et al. 
Seasonal variation in basal metabolic rates 
among the Yakut (Sakha) of Northeastern 
Siberia. Am J Hum Biol. 2014;26:437-45. 

10. Anthanont P, Levine JA, McCrady-Spitzer SK, 
Jensen MD. Lack of seasonal differences in 
basal metabolic rate in humans: A cross-
sectional study. Horm Metab Res. 2017;49:30-
5. 

11. Kazuo S, Kazuhiko M, Akira S, Kumae T, 
Mishima M. Seasonal changes in basal 
metabolic rate and serum free fatty acid in the 
Antarctic environment. Jpn J Biometeor. 
1982;19: 59-69. 

12. Nakamura M, Saburo U, Takahisa H, Sugawara 
K. Local specificity of the seasonal variation in 
the basal metabolic rate of Japanese. Tohuku J 
Exp Med. 1969;99:171-8.  

13. Meng KC, Khee-Shing LM, Anand SS, Lim R, 
Venkataraman K, Khoo EY, et al. Body fat 
portioning does not explain the interethnic 
variation in insulin sensitivity among Asian 
ethnicity: The Singapore adults metabolism 
study. Diabetes. 2014;63:1093-102. 

14. Masaharu K, Colin WB, Andrew PH. Body 
composition and anthropometry in Japanese 
and Australian Caucasian males and Japanese 
females. Asia Pac J Clin Nutr. 2007;16 Suppl 
1:31-6. 

15. Hamlet B. The History and Culture of the Khasi 
People. New Delhi: Hamlet Bareh; 1997. 

16. Misra A. Ethnic-specific criteria for 
classification of body mass index: A 
perspective for Asian Indians and American 
diabetes association position statement. 
Diabetes Technol Ther. 2015;17:667-71. 

17. Misra A, Chowbey P, Makkar BM, Vikram NK, 
Wasir JS, Chadha D, et al. Consensus statement 
for diagnosis of obesity, abdominal obesity and 



 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Tyagi et al.                                                                                      International Journal of Pharmaceutical and Clinical Research 

192 

the metabolic syndrome for Asian Indians and 
recommendations for physical activity, medical 
and surgical management. J Assoc Physicians 
India. 2009;57:163-70. 

18. Anoop M, Naval KV. Insulin resistance 
syndrome (metabolic syndrome) and Asian 
Indians. Curr Sci. 2002;83:1483-96. 

19. Donahoo WT, Jensen DR, Shepard TY, Eckel 
RH. Seasonal variation in lipoprotein lipase and 
plasma lipids in physically active, normal 
weight humans. J Clin Endocrinol Metab. 
2000;85:3065-8. 

20. Ockene IS, Chiriboga DE, Stanek EJ 3rd, 
Harmatz MG, Nicolosi R, Saperia G, et al. 
Seasonal variation in serum cholesterol levels: 
Treatment implications and possible 
mechanisms. Arch Intern Med. 2004;164:863-
70. 

21. Ma Y, Olendzki BC, Li W, Hafner AR, 
Chiriboga D, Hebert JR, et al. Seasonal 
variation in food intake, physical activity, and 

body weight in a predominantly overweight 
population. Eur J Clin Nutr. 2006;60:519-28. 

22. Lyngdoh JA, Chutia H, Lynser D, Ruram AA, 
Barooah R. Seasonal variation of body fat 
percentage, basal metabolic rate, and serum 
lipid in healthy sedentary urban adults. Natl J 
Physiol Pharm Pharmacol. 2019;9(9):920-925. 

23. Gayathri B, Vinodhini VM. Correlation of 
lipids and lipoprotein concentration with body 
mass index in obese, overweight and normal 
weight South Indian adults. Int J Res Med Sci. 
2017;5:4803-7. 

24. Alireza Z, Akbarpour BM, Noosh AM. 
Relationship between body composition with 
blood lipids profile. Eur J Exp Biol. 
2012;2:1509-13. 

25. Choi JW, Pai SH, Kim SK. Associations 
between total body fat and serum lipid 
concentrations in obese human adolescents. 
Ann Clin Lab Sci. 2002;32:271-8.

 


